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FIELD OF THE INVENTION 



5 ing images 
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The present invention relates to multicolor printers and methods of print- 
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BACKGROUND OF THE INVENTION 



Multicolor printers generate images which are composed of a plurality 
of different single-color images. The quality of the final multicolor image de- 
pends on the registration accuracy of the single-color images. With the in- 
creasing resolution of modern printers the registration accuracy has become 
1 3 an issue of interest. 

Different multicolor printer types are known. Ink-jet printers have at 
least one print head from which droplets of ink are directed towards a re- 
cording medium. Within the print head the ink is contained in a plurality of 
channels. Pulses cause the droplets of ink to be expelled as required from 
orifices or nozzles at the end of the channels. These pulses are generated 
e.g. by thermal components in thermal ink-jet print heads or by piezo-electric 

20 elements in drop-on-demand print heads. Ink-jet printers of the carriage type 

21 have a print head for each color. The print heads are mounted on a recipro- 
cat,ng carriage. Full width or page width ink-jet printers have, for each color 
an array of nozzles extending across the full width of the print medium which 
-s moved past the nozzle arrays. Each nozzle array is part of a print station 
wh,ch produces one single-color image or a part of it. Each print station pro- 
vides ,ts own color image or pattern on the recording medium as it moves 
past the print stations. Each pattern is formed of a plurality of closely spaced 
ink dots, wherein single-color ink dot patterns are superimposed to form a 
mulfcolor pattern which represents the multicolor image. The print medium 
may be paper or any other suitable substrate to which the ink adheres. 

In known color xerographic systems, instead of the nozzle arrays a 
Plurality of LED print bars are provided adjacent to a photoreceptive surface 
The p„nt bars are selectively energized to create successive charge patterns 
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1 one for each color. Each LED print bar is associated with a development sys- 

2 tern, which develops a latent image of the last charge pattern or exposure 

3 without disturbing previously developed images. The fully developed color 

4 image is then transferred to an output sheet, e.g. paper or the like. 

5 To register single-color image patterns for forming a multicolor image, 

6 encoder arrangements are utilized which determine the advance of the re- 

7 cording medium during the print process. Optical encoder systems are known 

8 in which an optical sensor is responsive to encoder marks. 

9 In page-width printers the recording medium is, for example, moved by 

10 a conveying belt which is driven by rollers or pulleys. The movement of the 

11 belt with the recording medium may be detected by a single rotary encoder 

12 which is mounted on one of the rollers or pulleys. The advance of the belt is 

13 controlled by advance information represented by the rotary encoder signals. 

14 It is also known to place the encoder marks on the belt. 

15 U.S. Patent No. 6,155,669 discloses an ink-jet printer with several print 

16 stations and a conveying belt with encoding marks. Each print station has its 

17 own optical reader responsive to the encoding marks to generate its own po- 

18 sition signal. 
19 

20 

21 SUMMARY OF THE INVENTION 

22 

23 A first aspect of the invention is directed to a multicolor-printer. Accord- 



24 ing to the first aspect, it comprises a plurality of print stations arranged to 

25 generate an image on a recording medium during the movement of the re- 

26 cording medium; a recording medium conveyor; a plurality of similar encoding 

27 marks arranged along the conveyor, sensor arrangements associated with the 

28 print stations, responsive to the encoding marks and arranged to generate 

29 signals providing information about the movement of the conveyor with re- 

30 spect to the corresponding print station; and at least one index marking in- 

31 dicative of a reference position of the conveyor. The sensor arrangements are 

32 arranged to generate a signal responsive to the index marking. They thereby 

33 provide information about the position of the conveyor with respect to the cor- 
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1 print statton. The printer is arranged ,o register images ofdifteren, 

a :l:,7 " h each o,her based °- the — - -—on 

« According to another aspect, a method is provided of printing images 

6 Z ?: °' her ° n 3 reC ° rdin9 med ' Um 3 a p to aZ o 

IT a recordin9 medium conveyor e « ui ^ «» • « o 

m.ar encoding marks and a, teas, one index marking indicative o, a rl 
e ce pos „ f (he conveyor B)n ^ 

an advance dtrection, thereby detecting the index marking and the enco na 
and counting the encoding marks starting with the detection ofTto 

17*:: at 7 prim sta,ion: s,artin9 ,o prw « ima - » - 

stehon, and record.ng a corresponding encoding-mark count of the firs, p„„ 

equality of the subsequent print station's encoding-mark count and the re 
15 corded first print station's encoding-mark count 

« According to another aspect, a method is provided of printing images 

19 sim i a r h 3 reC ° rdin9 mediUm °° nVey0r e ° UipDed with « of 
9 s,m„ar encod.ng merits and a, teas, one index marking indicative of a re^er 

20 ence position of the convevor Thpm^th^ 

2t hot,.,, .u onve yor. The method compnses calibrating the distance 

21 between the print stations with reference tn th- » ^ Distance 

- - conveyor and detecting the JZ^^Z 

23 ons, wh,te detecting the corresponding encoding merits; mo*ng 

24 veyor to pnn, images on the recording medium white detecting the —o 

23 distence calibration m ° V6men ' a " d Usi "9 «- 
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1 to the first encoding marks and arranged to generate first signals providing 

2 information about the advance movement of the conveyor with respect to the 

3 corresponding print station; and second encoding marks associated with the 

4 conveyor and inclined to the first encoding marks. The sensor arrangements 

5 are arranged to also generate second signals from the second encoding 

6 marks, wherein the first and second signals are related and their relation 

7 bears information about a relative lateral conveyor displacement with respect 

8 to the corresponding print station. The printer is arranged to register images 

9 of different print stations with each other based on the movement and lateral- 

10 displacement information. 

11 According to another aspect, a method is provided of printing images 

12 onto each other on a recording medium by means of a plurality of print sta- 

13 tions. A recording medium conveyor equipped with a plurality of first and sec- 

14 ond encoding marks is used, wherein the second encoding marks are inclined 

15 to the first encoding marks. The conveyor is moved to print images on the 

16 recording medium while detecting the first and second encoding marks at 

17 each print station, wherein detection signals of the first and second encoding 

18 marks are related and their relation bears information about a relative lateral 

19 conveyor displacement with respect to the corresponding print station, so as 

20 to obtain printing-station-related movement and lateral-displacement informa- 



21 tion. The images being printed by the different print stations are registered 

22 with each other based on the movement and lateral-displacement informa- 

23 tion. 

24 Other features are inherent in the products and methods disclosed or 

25 will become apparent to those skilled in the art from the following detailed de- 

26 scription of embodiments and its accompanying drawings. 
27 

28 DESCRIPTION OF THE DRAWINGS 
29 

30 Embodiments of the invention will now be described, by way of example, 

31 and with reference to the accompanying drawings, in which: 

32 Fig. 1 shows a schematic view of functional components of a printer with 

33 a plurality of print stations; 
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1 Fig. 2 illustrates an embodiment of a sensor arrangement and a com- 

2 plementary belt with encoding marks and an index marking; 

3 Fig. 3 illustrates another sensor arrangement and a complementary belt 

4 similar to Fig. 2, but with additional encoding marks; 

5 Fig. 4 shows a diagram of signals of sensor arrangements according to 

6 Fig. 3 at two different print stations; 

7 Fig. 5 is a flow chart of a printing method; 

8 Fig. 6 is a flow chart of another embodiment of a printing method, based 

9 on a calibration of the distances between print stations; 

10 Fig. 7 is a flow chart of a printing method with lateral displacement com- 

11 pensation; 

12 Fig. 8 is a diagram illustrating the print position error in a conventional 

13 printer with a single encoder; 

14 Fig. 9 is an example of a printed page with dots of different colors 

15 printed using print-station-individual advance information. 
16 

17 DESCRIPTION OF THE PREFERRED EMBODIMENTS 
18 

19 Fig. 1 shows functional components of an embodiment of a multicolor 

20 printer. Prior to the detailed description of Fig. 1, a few items of the embodi- 

21 ments will be discussed. 

22 Multicolor printers can utilize different methods of transferring an image 

23 to a print medium such as paper. In ink-jet printers the colors are directly 

24 transferred by liquid inks to the print medium. In color xerographic systems 

25 the complete image is generated on a photoreceptive surface which is subse- 

26 quently transferred to the print medium e.g. the paper. In both cases the mul- 

27 ticolor image is composed of a plurality of single-color images or "patterns" 

28 which are generated by different print stations. These single-color patterns 

29 are subsequently produced by the print stations across the print medium 

30 when it is moved past the print stations by a recording medium conveyor in an 

31 advance direction. 

32 The conveyor can, for example, be a belt which carries the print medium 

33 on its surface, or a cylindrical drum which moves the print medium along the 
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1 circumferential surface in a section where the image is applied. In embodi- 

2 ments in which a belt conveyor is utilized, the belt extends between rollers or 

3 pulleys which drive and guide the belt. In the area where the images are ap- 

4 plied the print-medium-carrying surface of the belt defines a plane which is 

5 disposed opposite the print stations so that a print medium may be disposed 

6 between the belt and the print stations. The belt defines a movement path in 

7 the advance direction along which the print medium is conveyed during the 

8 printing process. 

9 In the embodiments the print stations extend across the whole printing 

10 width of the belt and perpendicular to its advance direction. They are ar- 

11 ranged subsequently in the printing direction. Each print station produces a 

12 single-color pattern e.g. in the colors black, cyan, yellow, and magenta. To 

13 increase the variety of printable colors, the ink saturation and/or the resolu- 

14 tion, some embodiments are provided with two or more print stations of the 

15 same color. 

16 The single-color patterns which form the desired multicolor image are 

17 applied by the print stations subsequently, registered onto each other. To 

18 achieve precise registration (i.e. alignment) of the single-color patterns onto 

19 each other, the belt is provided with a plurality of encoding marks (also called 

20 "fiducial marks"). The encoding marks are similar to one another, and they 

21 are arranged with equal distances to their respective neighboring encoding 

22 marks along the conveyor. The number of encoding marks passing a detector 

23 upon movement of the conveyor may be counted, thereby providing informa- 

24 tion about relative movements of the conveyor. The encoding marks may be 

25 provided on an edge of the belt in a section which is not to be printed on or 

26 covered by the print medium. The encoding section extends in a loop along 

27 the complete circumference of the belt. The marks may, for example, be 

28 printed or etched onto the surface of the belt or they are attached as a strip to 

29 the belt's edge, so that the marks are moved together with the belt. 

30 A sensor arrangement responsive to the encoding marks is associated 

31 with each print station. The signals generated by the sensor arrangements 

32 with respect to each print station enable the advance of the belt to be indi- 

33 vidually determined with respect to each print station. The use of print-station- 
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1 individual decoding information enables the print position error to be reduced 

2 and the registration accuracy to be increased, compared with printers having 

3 a common encoder for several print stations. This is now illustrated by Figs. 8 

4 and 9. 

5 Fig. 8 is a diagram of the print position error of a conventional printer 

6 with a common encoder for three print stations, as a function of the advance 

7 of the paper. Typically, an encoder has a systematic error (e.g. due to the fact 

8 that the assumed paper advance for one counted encoding mark deviates 

9 systematically from the real paper advance). The print position error is the 

10 accumulated error of the encoding error for a single encoding mark. It there- 

11 fore grows with increasing paper advance. In Fig. 8, it is assumed that a point 

12 is to be printed at a theoretical position which requires a certain paper ad- 

13 vance causing an accumulated error at the first print station of 120 |jm. Such 

14 a deviation of the print position from the absolute theoretical position on the 

15 paper is irrelevant for most applications (because it only means that the 

16 printed image is shifted by 120 pm with respect to the paper margin). How- 

17 ever, since the paper is further advanced in order to reach the second and 

18 third print stations, the accumulated encoding error is 220 pm at the second 

19 print station and 320 pm at the third print station (assuming that the distance 

20 between two consecutive print stations corresponds to an additional cumula- 

21 tive encoding error of 100 pm). Thus, the real print positions of the three print 

22 stations (which, for example, ought to print dots of different colors onto each 

23 other) are drawn apart by 200 pm. 

24 If, in contrast to a common encoder, individual encoders for each print 

25 station are used, the accumulated paper advance "seen" by the individual 

26 encoders is the same for all encoders. Assuming that the systematic encod- 

27 ing error is similar for all encoders (which is a reasonable assumption in many 

28 cases), each of the encoders therefore generates approximately the same 

29 accumulated error, so that each print station prints approximately at the same 

30 print position which deviates, for example, 120 pm from the theoretical print 

31 position. This is illustrated by Fig. 9 which shows a page with a printed point 

32 from each print station. Such a deviation from the absolute theoretical print 

33 position is mostly irrelevant, as explained above. However, in contrast to the 
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1 common-encoder example of Fig. 8, such a print-station-individua, en 

since the p rint positions of fhe different pnn, stations are shifted in c ml 

3 improves the coincidence (i.e. the reoistrationl nf .h„ ■ 

4 print stations. "ffsttafton) of the ,mages of the different 

• index'^Zre 6 e d mb ° dimen,S ' *" " *° ^ ™ * «- 

7 If t h e T ^ 9 iS ' ndiCa " Ve °' 3 Certain ref — Position 

7 of the conveyor. Measurement of the reference position provides absolute 

8 posrtion information of the conveyor in the advance direction The dex ma ' 
"9 may for example, he arranged beside the encoding mart*. As the en" d 

surface of the belt or may be aftached as a strip to the belt's edge and I, is 
moved together with the be,,. ,„ , he embodiments with an index mala L 

13 sensor arrangements associated with each orint 

1/1 t~ .u • pnnt station are a so resDnnsivo 

14 1° me index marking and detect it when it passes responsive 

1= The signals generated by the sensor arrangement in response to the in 

dex m , , he reference posiuon ^ ^ (o ^ ; -he 

respect to each pnnt station. In embodiments without index markino ,h» 7 

used to further improve the longitudinal registration accuracy of the im 
27 ages printed by the different print stations ™" 

31 - ^riLr^^rrsri'r re9is,rawon - whe - 

« -ng is detected a, the individua, ^CZ^ 

marks passing the respective print stations are individually counted 7^2 
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1 print station. The process of counting starts with the detection of the index 

2 marking at each print station (for example, the print-station-individual counters 

3 are reset when the index-marking passes the respective print station). When 

4 the first print station starts to print an image (which it can do at any belt posi- 

5 tion relative to the index marking), the first print station's corresponding en- 

6 coding-mark count is recorded. In some of the embodiments the encoding- 

7 mark count recorded corresponds to an image reference position which lies a 

8 certain distance ahead of the first image dot (a "dot" is a printable dot which 

9 may or may not be printed rather than only an actually printed dot). In other 

10 embodiments, the position of the first image dot itself is used as the reference 

11 position the encoding-mark count recorded. When the same count as the re- 

12 corded count is reached at a subsequent print station's encoding-mark 

13 counter, the subsequent print station starts to print its image in an analogous 

14 way. More precisely, the conveyor position at which the same encoding mark 

15 count is reached is considered as the image reference position for the re- 

16 spective subsequent print station. For example, if the image reference posi- 

17 tion lies a certain distance ahead of the first image dot, the subsequent print 

18 station starts to print its image the same distance after the reference position 

19 as the first print station. If the reference position corresponds to the first im- 

20 age dot, it accordingly starts to print its image on the reference position. In 

21 this way, the individual images will be aligned with high accuracy, without as- 

22 suming fixed predetermined distances between the print stations. 

23 Typically, the printing resolution is much higher (i.e. the grid of points 

24 which can be printed is much finer) than the distance between the encoding 

25 marks. The grid of printable dots in the advance direction may, for example, 

26 be defined by a clock synchronized with the advance mechanism of the belt 

27 which subdivides the distance between two encoding marks into a large num- 

28 ber of printable dots. In order to define the image reference position at the 

29 individual print stations with the higher printing resolution, not only the encod- 

30 ing marks are counted during the conveyor movement, but also the number of 

31 clock counts for those encoding mark intervals which only partly pass the 

32 sensor arrangement. Therefore, if the image reference position lies some- 

33 where between two encoding marks at the first station, the corresponding 
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1 clock counts are also recorded, and are used to define the image reference 

2 point at the respective subsequent print station, in addition to the recorded 

3 encoding mark count, whereby a registration with sub-encoding resolution is 

4 achieved. 

5 In other embodiments, the actual distances between the print stations in 

6 terms of encoding marks are measured (or "calibrated") by means of the in- 

7 dex marking. In these embodiments, during the calibration process the belt is 

8 moved past the sensor arrangements so that both the index marking and the 

9 encoding marks are detected by the sensor arrangements of each print sta- 

10 tion. By counting the signals generated by the encoding marks moving past 

11 one of the sensor arrangements in the period in which the index marking 

12 generates a first signal at the sensor arrangement of a first print station and a 

13 second signal at the sensor arrangement of a subsequent second print sta- 

14 tion (and by counting the clock counts for subintervals of encoding marks), 

15 the distance between the first and the second print station in terms of encod- 

16 ing marks (and clock counts for subintervals of encoding marks) is deter- 

17 mined. In a subsequent printing process the information obtained during the 

18 calibration process is used to control the print stations to print the single-color 

19 patterns onto each other with a higher registration accuracy than the accuracy 

20 achieved with the assumption of fixed known distances between print bars. 

21 The use of the calibration information in the printing process can be illustrated 

22 by a simple example in which the first print station prints a dot in the first 

23 color, and the second print station ought to print onto the dot with the second 

24 color. Triggered by the printing of the dot at the first print station, the encoding 

25 marks (and the clock counts for subintervals of encoding marks) are counted 

26 at the sensor arrangement of the second print station during the movement of 

27 the belt. When the number of encoding marks and clock counts is reached 

28 which corresponds to the number obtained during the calibration process, the 

29 second print station is triggered to print its dot. 

30 In the embodiments using calibration, the calibration and printing proc- 

31 esses may be asynchronously or synchronously carried out. In some of the 

32 asynchronous embodiments, a "calibration run" may be performed without a 

33 printing task, for example when the printer is switched on or, regularly, when it 
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i ou.? r be,t may ,hen be mwed f ° r •» «-«««> -'v. 

w* o u , a reccing medium on it. ,n Cher asynchronous embodiments, the 
belt movement during printing is also used for the caiibrafion. Depending on 
•he pos„on of the index marking, the caiibration information may 
ava.lable when the printing is aiready progressing, so tha, i, wil, no be 
any more in the present print-ou, bu, oniy in the ne, one (which is 
son for a so oaliing these embodiments -asynchronous-,, in synchronous em- 
body a calibration is carded ou, shortly before a print pra cess, and the 
cakbrabon .formation is immediately used in this pnn, process. The print me 
d™ onto the conveying be,, such tha, the index marking is detect Thy 

r Th e pnor or at ,he be9innin9 ° f ,he pnm pr ° cess at WS **« * 

3 oal m ° re °" e marki " 9 ™> be advan te geous in 

3 particular ,n synchronous embodiments, because they enabie the record no 

ZTl be put on the be " at dif,erem po *™ s ~ — 

^een two consecutive index markings is chosen to enable their signais horn 
hvo consecutive print stations to be resolved (which, for exampie. I the Z 

Z: T ? ,he dis,ance between ^ conm <*• ~> ° 

8 types of asynchronous calibration methods as we,, as asynchronous and syn 
19 chronous calibration methods may be combined 

in other embodiments an active lateral registration can be performed 
■•a. a compensation o, displacements of the belt in a direction nol, ,o the 

z l rr •; a ,a,erai dlrec,ion, ,n ,he — 

pose, firs, and second encoder marks associated with the conveyor are pro 
v,de* They may be disposed in stripes in an edge area of the be,. a7mT 

ar to , e pnn ng d.reCon, whereas the second encoder marks are inclined to 
he firs, encoder marks. The firs, and second encoder marks have the sal: 
P*ch. they are arranged in fixed reiafive posifions and .hereby form pairs- Z 

30 it:: ea : ,nciined encoder ™* *• * «- °< » «*. 

30 one of ,he ends of a non-inclined encoder mark. In o,her embodimen,s bJl 

» ::ir indined wi,h respect 10 each - - - — - - £ 

During the priming opera.ion .he firs, and second encoder marks are 
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1 moved pas, the sensor arrangements of the different prim stations and gen- 
erate consecutive firs, and second encoder signais. The signals from a pair of 
enco ,ng marks are correiated. The offset between .hem is a measure o,«he 
MM Pos ,on of the be,.. If .he ia.era, be,, position changes, ,he offset be- 
tween the two signals of a pair changes, because ,he inclinalion of ,he sec- 
6 end encoder marks changes ,he timing of the second encoder signal wltt, re- 
spec, ,o the firs, encoder signal. Depending on ,he direction o, the latere, dis- 
placement, the offse, between ,he signals o, a pair increases or decreases 
Thus a offse, change of ,he signal pairs between two print stations repre^ 
sents he amoun, and the direction of the lateral displacement of ,he be,, be- 
1 1 tween the two prin, stations. 

13 .ton of7 me r b0dimentS ' hiS infomatfo " * — to control the prin, opera- 
13 ,,n o he pnn. stations following the firs, prin, station to ,a,era„y countelf, 
he pattern pnn.ed by the following print stations so as to correct for a de 

^JZTT men> be,ween print s,a,ions - The Iaterai 

measurement and correction may be individually performed for each print sta- 
on fo„ow,ng the firs, one. Thereby, the lateral registration of the differen m. 
'3 ages printed onto each is improved. 

Such a lateral correction is a,so advantageous without using the index 
» martong Information described above, because tt improves the lateral j£i 
21 tton accuracy. Therefore, some embodiments with a iatera, displacement 

— TT" 0 "-^ advance ™ 9 - - — " 

em d an aSSUmPti0 " °' * e Prin ' Stati °" —«~ Other 

emb d,men,s combine the use of prin,-s,e,ion-individua, advance encoding 
■ndud,ng considering the actual prin, station positions by using ,he index 
madung. as described above, with the described ,a,era, dis P ,a ceme ^ 
..on, so as ,o obtain an improved longitudinal and lateral regis.ra.ion 

In some of the embodiments, the second encoder marks are inclined a, 
an ang,e of about 45- to the laterally-oriented firs, encoder marks The ob 
served offset change then relates the lateral disp,acemen, to a s mp e man e" 

°d 6 TT' advance of ,he be " (,he ,a,erai ~ 

" 2 Z ^ **" " — * , e offse 
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1 Some embodiments use a conveying drum instead of a conveying belt 

2 The pnnt stations are not disposed in a plane which is paralle! to the surface' 

3 plane of the belt, but in a peripheral surface which extends in a predeter- 

4 mined distance from the circumferential surface of the drum. 

5 The sensor arrangements are, for example, arranged to detect trans- 

6 parent marks or opaque marks, i.e. the detecting sensor and a corresponding 

7 ,ght source may be arranged on opposite sides of the encoding section or on 

8 the same side. 

• In the embodiments, the sensor arrangements are fixedly attached to 

0 the pnnt station so as to represent the actual longitudinal and lateral positions 

11 of the print stations with respect to the marks on the belt. 

12 Returning now to Fig. 1 , a multicolor printer has several (here: four) suc- 

3 cessively arranged print stations 1. A conveying be,, 2 is ananged beneath 

4 the pnnt stafions 1, guided by two rollers 3, wherein a, leas, one of the rollers 

16 4 V, 7", / " adVanCe meChan ' Sm " a " 3dVanCe ° r ^""^ 

6 4. The belt 2 conveys on its outer surface 5 a print medium 6, 7, e.g. a paper 

7 sheet whrch is fed onto the outer surface 5 and is moved during printing pas, 

8 the pnn, stafions 1. The primer is a iarge-forma, page-width printer, e.g an 

9 «M Printer. „s prin,-wid,h is, in one embodiment, about 24 inches or 610 
20 mm (for A1 and ANSI D paper formats,. Other embodiments have a larger 

Z in'" eXamP ' e ' ^ ^ ra " 9e ° f 30 " 40 °' 760 - 1 °*> ™ 

AO ISO B0 and ANSI E paper formats,, or even ia^er than 40 inches or 

1020 mm (for ,arger paper formats,. Each print station 1 extends in a latere, 
d,rect,on 20 normal to the advance direction 4 across the width of the be,, 2 
Owmg lothe successive arrangement of the print stations, when the print 
med,um 6 ,s conveyed a certain poin, on ,, subsequently passes the individual 
pnn, stafions 1. In order to produce a multicolor image in which the single- 
color ,mages are coincident, .he prim stations generate Iheir single-color pat- 
terns ,n a time-shifted (i.e. staggered, manner which compensates for the fact 
that a port on the paper does no, pass a„ the print stations simu,.aneous,y 

31 bu only subsequently passes the individua, priri, stafions 1, so tha, the single- 

32 color images are registered. 

33 One edge o, ,he be,, 2 is provided with a marking section 9 carrying 
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1 marks 10, „. 12 . A complement sensor armament ,3 is associated 

2 w*h each pnn, station 1 and is arranged to datac. the mar. 10, 1 , 12 Ea 1 

3 sensor amangemen, ,3 is flxedly aUached to its prim station 1 so thaUha 
ansor arrangements iongitudina, and ia.era, postoon reprasan, «ha prin ste 

5 iron s pos rt ,on ,o which i, is attachad, apart Iron, a constant offse, vac^o da 

t:zt ?r r° n ° f ,he — « and i,s jzz 

1 tha ,ong„ud,na, and iatara, diracions. Whan tha pnn. stales position 
hangas, a.g. dua ,o tharnra, axpansion, ,ha sensor arrangements po ^ 
therefore correspondingiy changad. Tha offsa, vectors are accuracy Known 
and, preferably, are equal at all prim stations 1 . 

The sensor arrangements 13 are connected to a prim controller 14 by 
g a, ,nas 15 which Iransfer ,he detected sensor signals. The prim 1 „ 

ne 16 ::;r ed , to ,he advance mechanism «*- - 2 

5 Z , I P " S,a " 0n 1 ' " ,ranS ' a,eS ima ° e data -P~g the im- 

r n, , r 6 "T r8CeiVed fr0m 0UlSWe * commands for lb 

16 pnn. s,a„on 1. I, performs the translation such that the sincle color Zn 

rr by r ° f ,he ind,viduai prw — • 1 - 

^r arrangement 13 for the ^Z^^J^ 
ste*on,ndividua, position and advance datarminalion ,o register he pa a " 

23 :rrn™ s,a,ton 1 *° - — — ^ - ~ 

25 m k R9 ' 2 Sh ° WS " ° P,0e,ectronte «»<* arrangement 13 with an index 

- IngTo nd~? ' ^ ~ 2 - - «« ™*. 

28 hnV enCe P ° S " ion of ,he «"»(", or, in other em 

28 bodrments, more than one index marking 10 which, preferably hat T 

» lance of a, leas, ,ha di S ,ance be,ween two consecutive pnn, s a«io„s7 J he 
30 encod.ng marks 1 1 have a similar shape and color fi a J ' 

and ara agualiy spaced £T£ZZ ^ 
W a„ th index marking ,0 or one of ,He encoding m arks „ p J s ^ , n 
dex-markrng sensor 17 or ,he encoding m ark sensor 18 . a „ 
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7 Coo, coonl e 7 "** Sta,i ° n " AS 

*e encode Zs1 , OB " ^ h ad °*°" <° 

--^tz^ irr ::r rr • The print - 

- .o regis, the , d , dual lmages (or paBems) - :n -~ 

- «on ma . signals izz^t^zt ,he 

^ r:r~ r: °° unte — *° - :rj — 

«• Nation mark signals , c , ock ~„ " ^ * 

20 .he tongitudina, position and advanoe of Z ^ T * **** 

45-. The additional enooding sensor 19 is „ 9 ' °' eXamP ' 8 ' 

» a seoond eneoding-ma* signTIn 0 VZTIv ' hem 

30 „ passes the sense, ,3. rL ^ ^ T^JZl "** 

31 ing mark sensor 18 caused bv th« St 6nCOd - 

^ction and amount I * ~» ™* »■ Th. 

be, at the respective ' ~ " "» " of the 

prmt stat,on 1. The pnnt controller 14 receives these 
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1 signals from all print stations 1, deduces information about the lateral belt 

2 displacement from one print station to the next print station from it, and uses 

3 this information to correct the lateral registration of the patterns printed by the 

4 different print stations 1 for the lateral displacement. 

5 Fig. 4 illustrates the correlation of the signals from the sensor arrange- 

6 ments 13 of two different (e.g. adjacent) print stations 1, called first and sec- 

7 ond print stations, and their use for the image registration. A first set of sig- 

8 nals IS1, ES1 LS1 from the first print station is represented by full lines, and a 

9 second set of signals IS2, ES2, LS2 from the second print station is repre- 

10 sented by dashed lines. IS1, IS2 indicate index-marking signals; ES1, ES2 

11 indicate non-inclined encoding-mark signals; LS1, LS2 indicate inclined en- 

12 coding-mark signals; and A indicates the advance of the belt 2. An index 

13 marking signal IS1 from the first print station is observed when the index 

14 marking 10 passes the first print station, and another index-marking signal 

15 IS2 is observed from the second print station when it passes the second print 

16 station. Encoding mark counters of the first and second print stations are indi- 

17 vidually reset by the index-marking signals IS1, IS2 from the first and second 

18 print stations, respectively. The advance of the belt 2 is individually deter- 

19 mined in terms of encoding marks at the first and second print stations by in- 

20 dividually counting the encoding-mark signals ES1 from the first print station 1 

21 and the encoding-mark signals ES2 from the second print station 2 (clock 

22 counts are not considered in the example of Fig. 4). 

23 In embodiments in which the distance between the print stations is cali- 

24 brated, the number of encoding signals (for example, ES2) counted in the 

25 interval between IS1 and IS2 represents the distance D1-2 between the first 

26 and second print stations 1 in terms of encoding marks. 

27 The non-inclined and the inclined encoding-mark signals ES1, LS1, 

28 ES2, LS2 are correlated; the correlation between them enables the lateral 

29 belt between the first and second print stations to be measured. At the first 

30 print station, an offset L1 between associated non-inclined and inclined en- 

31 coding signals ES1 and LS1 is observed. In the case of a lateral belt dis- 

32 placement, at the second print station a different offset L2 between associ- 

33 ated signals ES2 and LS1 is observed. The difference L2-L1 of these offsets 
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2 r,ir,r,,T pie ' deiem * ed by ,he prw 1 <> - - ~« „, 

at a 7 P men ' b6lWeen ** a " d #* — * This 

3 lateral d,sp,acemen, information is used by the pnn, controller 14 in the lateral 

4 region of the patterns printed by the different second station A 

5 spond,ng iatera, displacement correction is individual carded ou, for a Z 

7 formation measured at each print station. 

8 The flow chart of Fig. 5 illustrates . metho(J 

Z7h " S,e 7 1 * e S,a,i ° n *"* '° P ""' * ~ « He st 

ttme, the number of encoding marks counted after .be index marking passed 
through the flrst print station is recorded, in the exampie of Fig 5 n en7dl 

zTr ,hrouah ,he ,irst s,a,ion: — - ~ « - - 

step P2. when n counts have been counted at the second pnn. station after 
he ndex marking passed .hrough the second pnn, station, the second rt 
stauon starts to print its pattern, in this way, the second pdnt station's pattern 
* eg,s.ered to the pattern printed by the flrs, print station. Registedngt 

i pnnied by ,he sut " prini — - «-*- * - « 

20 ortnf Ch3rt °' Fi9 ' 6 il,US,ra ' eS an ° ,her embodim en. of a method of 
pnn„ng a muiticolor-image, based on a caiibration of the distances be7een 

Z nd ,r " maV bS SUbdiV ' ded ln '° 3 "» <*eps S, o 

Z^ZZ 7 process (s,eps 34 ,o S6) - ln s,ep 51 - « -e 

~ b Perf ° rm ' he Ca ' ibratto - ~P 82. .he index marking 10 is 
detected a, the flrs. pnn, station 1. in step S3, which starts upon the detection 

in,;; a ,r;? 10 at ,he first s,a,, ° n <■ - — i — 

,™, , s SSCOnd Prin ' S,a "° n ' Un,i ' *" "« 10 is de- 

eded a, ,he second pnn, slation 1. The number of encoding manks counted 

first and after the last encoder mark, represent the distance between the flrst 
and second pnn. stations 1. ft more than two pnn, s te .,ons are p^d he 
e-£*on nun is conflnued un.il .he dis,ance of each prtn. s,a,ion L 7s P c 
to he flrs, pnn, s.a.ion or .he respeCive preceding prtn, statto n is de.ermTned 
m .he same manner. ,„ s.ep S4. the be,, movemen. is started for pdnflng 
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1 the belt was at rest). In step S5, printing of the first pattern by the first print 

2 station is started, and encoder marks/clock counts are counted at the second 

3 print station. In step S6, printing of the second color pattern at the second 

4 print station is started when the number of encoding marks/clock counts cor- 

5 responds to the number representing the distance from the second to the first 

6 print station, as determined in the calibration run before. Thereby the second 

7 pattern is registered to the pattern printed by the first printing station. Regis- 

8 tering the patterns printed by subsequent print stations is performed in the 

9 same manner. Step S4 can be dropped if the belt movement started in step 

10 S1 is continued for the print process. Calibrating and printing may be inter- 

11 leaved; for example, in asynchronous calibration, in which the calibration in- 

12 formation is only used for the next print-out. But also in synchronous calibra- 

13 tion, the first print step, S4, may already commence during the calibration 

14 step S3, since in the calibration information is only needed shortly before the 

15 second print station starts printing. 

16 The flow chart of Fig. 7 illustrates an exemplary method of printing a 

17 multicolor-page in which lateral belt displacements are compensated. In step 

18 T1 the belt movement is started. In step T2, the first print station starts print- 

19 ing the first pattern. The non-inclined and inclined encoding marks 11, 12 are 

20 detected at the first and second print stations, and the lateral belt displace- 

21 ment between the first and second print stations is determined from an ob- 

22 served change of the offset between the non-inclined and inclined encoder 

23 mark signals from the first to the second printing station. In step T3 the sec- 

24 ond print station starts printing the second pattern, wherein the printed sec- 

25 ond pattern is countershifted by the determined lateral displacement so as to 

26 register the second pattern to the first one. A lateral displacement between 

27 the second and further print stations is compensated in the same manner. 

28 Thus, the described embodiments enable individual images to be regis- 

29 tered with improved accuracy, which enhances images quality. 

30 All publications and existing systems mentioned in this specification are 

31 herein incorporated by reference. 

32 Although certain methods and products constructed in accordance with 

33 the teachings of the invention have been described herein, the scope of cov- 
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1 erage of this patent is not limited thereto. On the contrary, this patent covers 

2 all embodiments of the teachings of the invention fairly falling within the scope 

3 of the appended claims either literally or under the doctrine of equivalents. 



